ent modes of treatment of the sample to overcome interference. It must be stressed, however, that a potent source of error may arise from failure to reproduce exactly the reaction conditions from sample to sample or batch to batch. This section, therefore, will be devoted to commenting on the influence of both assay conditions (working wavelength, composition of the Jaffe reagent, temperature, and time) and interfering substances on the Jaffe reaction.
Several workers (Bonsnes and Taussky, 1945; Garner, 1952) have reported that the coloured complex arising from the reaction between creatinine and alkaline picrate does not obey Beer's Law. However, Clark and Thompson (1949) and Hervey (1953) showed that this arose only with instruments employing wide-band filters and was corrected by using monochromators. The effect is almost certainly due to the fact that the absorption maxima of the yellow reagent (alkaline picrate) and the red product (alkaline creatinine picrate) are close together. It is therefore imperative that the red colour be measured at its maximum absorbance, with a narrow-band filter, in order to avoid measuring simultaneously the decrease in the yellow colour as picrate is consumed during the reaction. Even among workers using instruments with satisfactory monochromators there is still disagreement on the optimum wavelength. Owenet al. (1954) showed that the absorbance of creatinine picrate increased as the wavelength was reduced from 520 to 490 nm; beyond 490 nm the absorbance fell again. In the region of maximum absorbance there was a departure from linearity which led these workers to recommend a wavelength of 520 om. Cook (1971) , using a kinetic method, found the maximum sensitivity and the closest approach to linearity at 510 nm. This was also the wavelength used in the kinetic methods of Larsen (1972a) l , MODIFICATION OF THE FOLIN and of Bierens de Haan (1972) . However, Bartels et (JAFFE) METHOD al. (I 972) recommended a wavelength of 492 nm and The Folin (Jaffe) method, in one of the modified Fabiny and Ertingshausen (1971) a wavelength of forms summarized in Table I, 
NO z
Formula A Jaffe (1886) also reported that solutions of acetone or glucose reacted with the reagent to give similar colours. It is not surprising, therefore, that the method of Folin (1914) for the measurement of creatinine in deproteinized blood, using Jaffe reagent, has been widely described as non-specific. Many other substances have since been reported to influence the Jaffe reaction (Kolltif and Rabek, 1950) .
Three lines of approach have been followed in attempts to improve the specificity of creatinine assay: modification of the method of Folin (1914) which employs the Jaffe reagent; use of alternatives to the Jaffe reaction; use of creatinine-splitting In 1886 Jaffe discovered that when creatinine was allowed to react with picric acid in alkaline solution an orange-red colour developed. The structure of the product of the Jaffe reaction is still a matter for conjecture. It has been established that the characteristic colour is due to the formation of a creatinine picrate complex and not to the formation of picramate. There have been various suggestions as to the actual structure of the complex (Greenwald, 1925; Anslow and King, 1929; Bartels and Cikes, 1969; Seelig, 1969; Fabiny and Ertingshausen, 1971) , and the most recent (Butler, 1975) cites strong evidence to suggest that it is a Janovsky complex with the structure shown: Bartels et al. (1972) ; Lustgarten, Wenk (1972) 8. Inverse-polarographic determination Either alkaline picrate (or Blass, Thibert (1974) 3, 5-dinitrosalicylate) .The acetone then evaporates ment of alkaline creatinine picrate at 510 or 520 nm it is advisable, even with a modern spectrophotometer, to ascertain the optimum wavelength for the reaction.
Composition of the reaction mixture
(a) Picric Acid.-Inconsistencies in the estimation of creatinine due to impurities in samples of picric acid (Hunter and Cambell, 1916; Falin and Doisy, 1916) are unlikely to arise with chemicals of AnalaR grade. However, differences may arise from variation in the concentration of picric acid in the reaction mixture, even though Bonsnes and Taussky (1945) stated that "The Jaffe reaction is independent of the concentration of picric acid at least over a fairly wide range."
The rate of colour development, due to the formation of alkaline creatinine picrate, certain lydoes increase with picric acid concentration (Fig. I) . These findings are consistent with those of Clarke (1961) and of Bartels and Bohmer (1971 workers reported that with lower concentrations of picric acid the specificity of the method was improved even though the rate of colour development was slower. The maximum value for the absorbance of alkaline creatinine picrate is also influenced by the concentration of picric acid (Fig. 2 ) up to about 5 mmol/I. However, Bartels and Bohmer (1971) considered that an increase in the concentration of picric acid in the reaction mixture from 1.1 to 4.6 mmol/l caused an increase in absorbance at 492 nm of less than 10%.
It may be concluded that over a wide range of concentration picric acid does not greatly influence the maximum value of the absorbance of alkaline creatinine picrate. Nevertheless the concentration does profoundly alter the time required to reach that maximum. This is an important consideration in manual techniques, where the temptation to shorten the time allowed for colour development may lead to the measurement of absorbance before the plateau value has been reached. In these circum- -It is generally agreed that the absorbance of alkaline picrate increases with increasing pH, but opinions differ regarding the effect of pH on alkaline creatinine picrate. Henry (1964) , on the basis of work by Bonsnes and Taussky (1945) , Roscoe (1953) , Owen et al. (1954) , Biggs and Cooper (1961) and Cooper and Biggs (1961) made the generalization that the colour intensity of alkaline creatinine picrate increases with decreasing pH; Henry et al. (1974) did not comment further on this point. However, Bartels and Cikes (1969) and Cook (1972) showed that in certain circumstances an increase in sample acidity, leading to a reduction in the pH of the reaction mixture, causes a decrease in the absorbance of alkaline creatinine picrate.
The main factors which determine the pH of the reaction mixture are the concentration of sodium hydroxide in the Jaffe reagent and the pH of the creatinine-containing solution.
An increase in the concentration of' sodium hydroxide causes faster rates of colour development ( In experiments 1 to 10 respectively the concentration was 0, 20,40,60, SO, 100, 10, 300, 500, and 700 mmol/I; in each case the concentration of creatinine was 0.088 mmolfI and of picric acid 5.311 mmol/l. 40 rnmoljl of sodium hydroxide in the presence of 5.4 mmol/I of picric acid ( Fig. 4 ; 125 min curve corrected for reagent blank).
These findings explain the discrepancies in the literature. If a high concentration of sodium hydroxide is used in the Jaffe reagent, the effect of partially neutralizing with an acid solution of creatinine will intensify the colour if the final concentration of sodium hydroxide is near 40 mmol/l. The converse of this is true if the acidity of the creatinine solution reduces the effective concentration of the sodium hydroxide to less than 40 mmol/l, In methods where the absorbance is measured before colour development is complete (e.g., reaction rate methods, the AutoAnalyzer method of Chasson et al, (1961) , or the Technicon N IIa) the reduction in reaction rate brought about by partial acidification means that a lower level of absorbance is reached in the allotted time. A practical consequence of this effect was realized by Bartels and Cikes (1969) . Since acid inhibits the hydrolysis of creatinine to creatine (Edgar and Wakefield, 1923; Edgar and Shiver, 1925) it is usually recommended that creatinine standards are made up in 0.1 M hydrochloric acid. Now since the dialysis of tests and standards in the AutoAnalyzer does not materially alter their pH, there is a marked pH difference between serum or plasma samples and the acid creatinine standards. With the Auto-Analyzer I the absorbance of alkaline creatinine picrate is measured before colour development is complete; thus because of the difference in pH, colour development in the standards is slower than that of the tests and the peaks are relatively smaller. Calculations of serum or plasma creatinine on the basis of the use of acid standards will therefore give erroneously high results. Cook (1972) , using the Technicon N IIa methodology, found that creatinine levels calculated with reference to standards dissolved in 0.1 M hydrochloric acid were 0.008 mmol/l higher (i.e., between 9 % and 17%) than those derived from neutral standards. In view of the widespread use of the Technicon AutoAnalyzer in conjunction with acid creatinine standards this is almost certainly a common source of inaccuracy in the assay of creatinine. The error is avoided if the acid standard solutions of creatinine are neutralized immediately before use. Haugen (1953) considered that it was generally agreed 'that the colour development of the Jaffe reaction in aqueous solutions reaches its maximum within a short time after the addition of alkaline picrate.' Later in the same paper, however, he commented that 'opinions differ concerning the influence of the time factor on colour development in plasma filtrates.' The foregoing section (1.2) demonstrates that the rate of reaction varies markedly with the reaction conditions and that there are some circumstances in which a considerable time is required for full colour development.
As a general rule it is unwise to alter the concentration or pH of the reactants of a method employing the Jaffe reaction without checking the effect on the time taken to reach a plateau absorbance. This is less 12 respectively. No protein was precipitated at either pH, and by employing a low ratio of sodium hydroxide to picric acid at pH 12.0 it was possible to achieve full development of the colour of creatinine picrate while keeping the development of creatinine-like coloured complexes to a minimum. Furthermore at pH 10 negligible formation of either creatinine or creatinine-like picrate complexes took place. In spite of this apparent lack of interference a correction factor was used in the calculation to allow for the influence of protein. In more recent work: Yatzidis (1974) buffered the alkaline picrate reagent at pH 9.65 or at I 1.50 and found no need for this correction factor. The method of Raabo and Walloe-Hansen has been used on the Vickers M-300 analyser, but variation in day-to-day sensitivity has been reported (Jones, 1973) . From the rapid increase in reaction rate (Fig. 5 ) between pH 10 and 12 it is clear that only slight variation in the pH of either buffer would be sufficient to account for a large variation in sensitivity.
The response of the Jaffe reaction to change in pH and in sodium hydroxide concentration was also utilized by Briddon (1973) , who described a method based on that of Bielik and Gustaffkova (1966) in which the Jaffe reaction was carried out at a high sodium hydroxide concentration to achieve rapid colour development. The pH was then reduced by the addition of phosphate buffer, to achieve an increase in absorbance and hence greater sensitivity.
To summarize, variation of the pH of the reaction mixture by altering the concentration of sodium hydroxide or by the use of buffer solutions has a profound effect on the rate of formation and intensity of the colour due to alkaline creatinine picrate. Failure to control these parameters inevitably leads to error. The relationship between the pH of the reaction mixture and the rate of colour development (Cook, 1972) is shown in Fig. 5 . These results were obtained by treating an appropriately buffered creatinine standard with Jaffe reagent and measuring the rate of reaction from the increase in absorbance at 510 nm between 200 and 300 sec. The pH of the reaction mixtures ranged from 4.2 to 12.3. It can be seen that at pH values of less than 7.0 no measurable reaction took place, but as the pH increased to 10 and above there was a steep rise in the rate of colour development.
Advantage was taken of the effect of pH by Slot (1965) , Grafnetter et al. (1967) , and Heinegard and Tiderstrom (1973) , who measured the absorbance of 'total' creatinine picrate at alkaline pH and then destroyed the 'true' creatinine colour by acidification to afford a measure of the 'sample blank.' The validity of this approach obviously depends on the assumption that the colour due to interfering substances is not destroyed by acidification.
A similar principle was employed by Raabo and Walloe-Hansen (1972) , who estimated creatinine in serum, without removing protein, by simultaneously developing 'blank' and 'test' reactions at pH 10 and crucial with automated methods, in which the time sequence of the reaction is strictly controlled. With reaction rate methods the period over which the measurements are made is critical (Cook, 1972; Larsen, 1972b ).
An increase in temperature causes an increase in the absorbance of both alkaline picrate and alkaline creatinine picrate; the reverse is also true (Owen et al, 1954) . To avoid errors in colorimetry due to temperature changes, these workers recommended that air or water be used as reference blanks and that reaction mixtures should be allowed to reach a constant temperature before measuring the absorbance.
The measurement of creatinine by reaction-rate methods requires much more careful attention to temperature control. Lustgarten and Wenk (l972) compared the rates of colour development at 22, 30, and 37°C and showed that there was a 30 %increase over a IDeC interval. Cook (1972) found that a rise in temperature from 21°C to 33°C caused an increase in reaction rate of between 40 and 54 %, depending on the period over which the measurement was made. Abderhalden and Komm (1924) reported a positive Jaffe reaction with some proteins and their degradation products. The removal of protein has thus rightly been considered as an essential preliminary to the Jaffe method, at least until the introduction of reaction-rate methods of assay. For manual methods protein precipitants such as tungstic or trichloracetic acid have been recommended, but Scandrett (1960) pointed out that the presence of small quantities of proteins and their degradation products in filtrates of plasma or serum causes error by interfering with the Jaffe reaction. In addition to proteins and their degradation products many other compounds (Table 2 ) may also interfere. Richter (1944) and Richter and Hess (1945) working with protein-free filtrates of bovine blood showed the following types of interference:
Interfering substances
quasi-creatinine-a non-creatinine Jaffe-s-positive material which contributes, with 'true-creatinine', to the 'apparent-creatinine' content of the serum; Jaffe-reactive substances-artefacts arising from the treatment of serum prior to the reaction with alkaline picric acid; Jaffe-infiuencing substances-substances which mayor may not give a Jaffe colour themselves but which influence the reaction between creatinine and alkaline picrate. For example: Jaffe enhancing substances, which, when mixed with creatinine and alkaline picrate, result in an absorbance which is greater than the sum of the individual contributions of creatinine and creatinine-like substances; Jaffe inhibiting substances, which, when mixed with creatinine and alkaline picrate, result in an absorbance which is lower than the sum of the individual contribution of creatinine and creatinine-like substances. Uric acid Histidine" ·Some authors have not been able to confirm the Jaffe positive behaviour of these substances.
Many of the substances shown in Table 2 are present in blood at very low concentrations and therefore do not significantly contribute to the apparent creatinine concentration. Glucose and acetoacetic acid are the most important of the non-protein interfering substances, because they may reach high concentrations in blood or urine; however, there is disagreement over the quantitative effects of these substances on the estimation of creatinine.
Glucose reacts to give a red product, but its rate of development is initially much slower than that of either acetoacetate or creatinine. Only after an induction period, which varies with temperature, is there an increase in the rate of colour development (Bartels and Cikes, 1969) . The coloured product of this reaction is picramate, which is formed by the reduction of alkaline picrate (Hawk et al. 1947 ) and which has an absorbance maximum at 482 om (Cook, 1972) .
Acetoacetic acid reacts more rapidly than creatinine with Jaffe reagent (Fabiny and Ertingshausen, 1971; Larsen, 1972b) to forma red complex with an absorbance maximum between 490 and 500 nm (Kattermann, 1967) . The ratio of the molar absorption coefficients of the acetoacetate picrate to the creatinine picrate complex ranges from 1:15 to 1:100, depending on the concentration of the alkaline picrate reagent.
As well as being Jaffe chromogens themselves, glucose and acetoacetate are known to influence the formation of alkaline creatinine picrate.
Glucose has been shown by some workers (Richter, 1945; Owen et al. 1954) to inhibit the formation of creatinine picrate, and by others, using reaction rate methods (Cook, 1971; Fabiny and Ertingshausen, 1971; Larsen, 1972b) , to have little or no influence on the reaction. Blau (1921) reported that acetoacetate and acetone had an inhibiting effect on the Jaffe reaction, causing perceptible fading of colour and consequent underestimation of creatinine. On the other hand Watkins (1967) reported that blood concentrations of acetoacetate in excess of 0.25 mmolfl caused erroneously high values of creatinine as estimated by the Technicon AutoAnalyzer or by a manual method omitting Lloyd's reagent. Using kinetic methods Fabiny and Ertingshausen (1971) observed small positive errors with concentrations of acetoacetic acid of 0.29 rnmol/I or more. Greater positive errors were reported by Larsen (1972b) , who, working with acetoacetic acid concentrations of up to 8 mmol/l, made measurements from 10 to 60 s; these errors disappeared when the measuring period was increased to between 60 and 120 s. In contrast Lustgarten and Wenk (1972) showed a small negative influence from ethyl acetoacetate at a final concentration of 7.7
Factors Influencing the Assay of Creatinine 2.25 mmol/I. Because of these conflicting reports, Cook (1972) investigated the influence of acetoacetate, glucose, and other interfering substances on the Jaffe reaction. The findings led to the proposal that there are two categories of interference: from substances such as acetoacetate which rapidly react with alkaline picrate to form a coloured complex; from substances such as glucose and ascorbate which, at room temperature, slowly reduce alkaline picrate to the red picramate, probably through a colourless transition complex.
Furthermore, the nature of the interference from substances in the two categories was found to depend both on the concentration and on the time allowed for the reaction. A high concentration of glucose (55 mmol/l) or of acetoacetate (24 mmolfl) caused a reduction in the rate of creatinine picrate formation, probably because of competition for picrate. With the kinetic method of Cook (1971) measuring the change in absorbance over the period 200 to 300 s resulted in the underestimation of creatinine. With a single-point determination after a prolonged reaction time there was a marked elevation in the apparent creatinine concentration.
Lower concentrations of glucose (5.5 mmol/l) or of acetoacetate (0.8 mmol/!) caused overestimation of creatinine by the kinetic method, but in the case of glucose a considerable underestimation with a single-point determination after a prolonged reaction time.
Methods for the removal of interfering substances
Procedures designed to overcome the influence of interfering substances are summarized in Table 1 . Those involving the manipulation of pH have already been discussed; of the remainder, the application of oxidizing agents and of adsorbants require further mention.
The use of eerie sulphate was proposed by Ko~til' and Sonka (1952) to effect the oxidation of pyruvic acid, which had been shown (Ko~tif and Rabek, 1950) to interfere with the estimation of creatinine. Ralston (1955) , however, found this approach to be less efficient than that of Owen et al. (1954) , which employs an adsorbant. Taussky (1954) recommended oxidation with iodine followed by extraction with chloroform to remove interference by acetone, acetoacetate, ascorbate, or glucose. Taussky (1956) then reported that equally satisfactory results were obtained after ether extraction only, the use of iodine being omitted. Table 1 shows that several workers have used adsorbants to separate creatinine from interfering substances. Owen et al. (1954) concluded that greatest accuracy could be achieved by adsorbing the creatinine on to Lloyd's reagent, and then eluting it into alkaline picrate. Although the use of Lloyd's reagent makes the assay more laborious, it is probably one of the most accurate manual methods. Cation exchange resins have been used to achieve the same ends. Polar and Metcoff (1965) described a partially automated procedure for the determination of true creatinine, in which the sample was thoroughly mixed with acidified Dowex W resin; the resin was then washed, and extracted with a phosphate buffer (pH 12.4), and the extracted creatinine assayed on an AutoAnalyzer using the Jaffe reaction. This approach has two advantages. Like methods employing Lloyd's reagent, it is designed to isolate creatinine from interfering substances before the addition of Jaffe reagent; furthermore, by using a mechanical system it ensures the all-important reproducibility of processing successive samples. These advantages were recognized by Jackson (1974) in presenting a proposal for a reference method for creatinine. In this method an ultrafiltrate was prepared at pH 2 to 4 and applied to a high-pressure ion exchange chromatography column. Elution of creatinine was achieved with a buffer solution, and the eluate was mixed with alkaline picrate reagent in a continuous flow system. The creatinine concentration was determined by measurement of peak area relative to standard solutions.
Reaction rate methods are potentially more accurate than direct methods (Malmstadt et al. 1972) but are subject to interference under certain conditions. Such interference may be minimized by running the reaction with a high enough dilution of the sample (Cook, 1972) . Table 3 . Summary of non-Jaffe methods for the estimation of serum or urinary creatinine,
Procedure
Comments References Benedict, Behr (1936) substances react as with picrate reagent; more sensitive to interference with neutral salts than picrate reagent; photolabile coloured product (Benedict, Behr 1936) . Sensitivity poorer than alkaline picrate (Barclay and Kenney, 1947) A summary and assessment of methods which avoid the use of alkaline picrate reagent is given in Table 3 . On the limited evidence so far available none of these methods appears to offer a practicable alternative means of assay of creatinine.
ENZYMATIC ApPROACHES

Pathways 0/ creatinine breakdown by bacteria
In a search for a way of improving the specificity of creatinine assay Dubos and Miller (1937) isolated four strains of aerobic bacteria which were capable of decomposing creatinine. The organisms were not identified but were characterized with the letters NC, A, B, and HR. The highly active Gram-positive NC organism (later identified by Krebs and Eggleston (1939) as Corynebacterium ureafaciens) was used in a 'specific' enzymatic method for the determination of true creatinine by determining the difference in the absorbance of the Jaffe reagent before and after the incubation of serum filtrate or urine with a suspension of the bacteria.
Since this work, the creatinine-degrading properties of a number of organisms have been studied: Pseudomonas aeruginosa (Kopper and Beard, 1947) ; Pseudomonas eisenbergi and Pseudomonas ovalis (Roche et al. 1950 ; Pseudomonas putida (Patel, 1970; Cook, 1972) . From evidence presented in these papers, and from the work of Kopper and Robin Factors Influencing the Assay 0/ Creatinine 227 (1950), Akamatsu and Kanai (1952) and Miyashita (1952-3a, 1952-3b) , it appears that more than one enzyme is involved in the degradation. The probable pathway is as in formula B below.
By carefully heating the bacterial suspension Akamatsu and his co-workers were able to inactivate all the enzymes except the one responsible for the breakdown of creatinine itself. They found that this enzyme markedly accelerated the reversible change between creatinine and creatine without altering the final equilibrium state. Recently Forde and Johnson (1974) prepared a stable creatinine hydrolase from crude bacterial extracts by fractionation and ionexchange chromatography.
A different mechanism for the decomposition of creatinine was reported by Van Eyk et al. (1968) , who were working with Ps. stutzerii. They found that in an atmosphere of 85 % oxygen creatinine was largely converted into equimolar amounts of methyl guanidine and acetic acid, with the concurrent formation of small amounts of urea and ammonia. In an atmosphere of 50 % oxygen, however, the same organism converted only about half of the creatinine into methyl guanidine and acetic acid and the remainder into ammonia and urea in a variable ratio. (See Formula C on next page.)
The' creatinine-splitting activity of anaerobic organisms was investigated by Szulmajster (1958a Szulmajster ( , 1958b , who isolated the enzyme 'creatinine desimidase' from Clostridium paraputrificum. It was shown that there was almost quantitative conversion of creatinine into N-methyl-hydantoin and ammonia. (see Formula D on next page.) 
NH
Enzymatic methods
Methods for the enzymatic determination of creatinine fall into one of three categories depending on the purity of the enzyme in question and its mode of action.
Estimation of Jaffe reacting substances before and after incubation with the enzyme preparation.-This is the most widely used of the enzymatic methods, since only crude bacterial extracts are necessary. McLean et al. (1973) , using a creatininase, described this approach for the determination of serum creatinine on the Beckman DSA-560 automatic analyser.
Measurement of the change in absorbance in an NADH-coupled reaction.-Using the purified preparation of a creatinase (creatinine amidohydrolase) Wahlefeld et al. Assay of ammonia produced after incubation with a creatininase.- Thompson and Rechnitz (1974) purified a creatininase (Beckman Inc. Microbics Operations, Fullerton, California, U.S.A.) and used it for the assay of creatinine by measuring the liberated ammonia with an ion specific electrode.
FINDINGS OF QUALITY CONTROL SCHEMES
Many of the methods available for the estimation of creatinine (Tables 1 and 3 ) are widely used, so that it is difficult to make a meaningful subdivision for the purpose of assessing their relative merits from quality control data. Thus a survey of creatinine methods was carried out (Dreux et al. 1973) in connexion with the Quality Control Scheme for the Paris District Hospital Laboratories. The final division of methods was into only three groups (Table 4 ) according to the means of deproteinization, and it was concluded that 'accuracy' was better for methods using tungstic acid deproteinization.
In a comparative survey of the results of analyses of blood serum in clinical chemistry laboratories in the United Kingdom Whitehead et al. (1973) subdivided creatinine methods into only two groups: (Dreux et al., 1973) 
Method of
Mean (± S.D.) for protein removal serum creatinine (mg/l) Dialysis 10.11 (± 0.73) Precipitation with tungstic acid 10.80 (± 0.42) Precipitation with trichloroacetic acid 11.15 (± 0.79) 5. CoNCLUSIONS the Technicon SMA 12/60 and 6160 systems is slightly superior to that of AutoAnalyzer I and AutoAnalyzer II; the precision of automated methods is better than that for any of the three major groups of manual or partially automated methods; the average precision of discrete automated methods is poorer than that of continuous flow methods, but the comparison may be invalid because of the disparity in the number of laboratories concerned; with the exception of results from discrete systems, the lowest mean values (seen as negative bias) are achieved with methods using Lloyd's reagent. The inference could be either that these methods underestimate creatinine or that they avoid measuring the contribution of interfering substances. The findings summarized in this paper suggest that the latter explanation is the more probable.
Method
Auto AutoAnalyzer and manual. Thus for a sample of serum distributed in 1972 the mean (and S.D.) of results from 121 laboratories using AutoAnalyzer methods was 4.66 (± 0.31) mg/IOO ml and from 133 laboratories using manual methods was 4.57 (± 0.53) mg/lOO mi. The reproducibility was therefore There is no evidence yet to suggest that chemical better by AutoAnalyzer than by manual methods. alternatives to the Jaffe reaction are more con-From 1974 AutoAnalyzer methods have been further venient or specific than the Jaffe reaction itself. So divided into AutoAnalyzer I and AutoAnalyzer III far as enzymic methods are concerned, the present SMA groups. Typical results (Table 5) show that high cost and poor commercial availability of both AutoAnalyzer groups have comparable re-specific enzymes prevents their widespread use for producibility and that this is substantially better creatinine assay. The Jaffe reaction, therefore, is than that for manual methods.
still the most practicable method for the estimation A still more detailed division of creatinine methods of creatinine in serum, plasma, or urine. is made in the Wellcome Group Quality Control Of manual techniques those using Lloyd's reagent Programme. Typical figures for the precision and appear to be the most accurate. The main disbias of participant laboratories results are shown in advantage of adsorption methods is that they usually Table 6 . The findings indicate that: the precision of require larger serum samples and are always more Alkaline picrate with measurement of non-specific chromogen 33 0.31 0.05 time-consuming. Reaction rate methods give promise of greater accuracy provided the reaction conditions and measurement period are carefully selected. If dilution is used as a means of reducing the influence of interfering substances, there is a marked fall in the sensitivity of the methods, and this restricts the range of suitable measuring equipment. This approach is probably the most reliable one in situations where preliminary removal of protein is not convenient.
AutoAnalyzer methods are more precise than manual methods, and this may be due to more uniform quality of reagents as well as to the reproducibility of the timing sequence for performing the Jaffe reaction. However, the pH differences between the sample and standard, and the failure to eliminate interfering substances, mean that the standard AutoAnalyzer methods are inaccurate. Errors arising from the former effect are minimized if a freshly neutralized, instead of an acid, solution of creatinine is used for standardization. Errors arising from the latter are eliminated, at the cost of introducing a manual step into the procedure, by preliminary treatment of the sample with a cation exchange resin to remove interfering substances before sampling (Polar and Metcoff, 1965; Staten, 1968; Mitchell, 1973) .
